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Prior to the relatively easy access to computers 
which began in the Bid«1960*s, simulation vas a tool only of 
researchers. Even nov, students are frequently excluded froa direct 
laboratory experiences for aany reasons. Bovever, computer simulation 
can open up these experiences, providing a powerful teaching tool for 
individuals, for saall and large groups, for laboratory experiments, 
for independent enrichment activity, or for classroom use. To be 
effective, classroom use requires a display of the computer output 
which can be viewed by the entire class through the use of video 
converters, cathode ray tube terminals, opaque projectors, or 
overhead projectors. As computers become easier for teachers to 
acquire and use, the potential of computer simulation can be 
realized. A number of computer simulations, along with their various 
applications, are presen-ted. (KKC) 
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Learning through Computer Simulations 

I> Introduction 

Until ten years ago simulation was a tool only of researchers, but in the 
mid 6d«s educators discovered that this was a valuable tool for them as well. 
One of the major stimxQi for this was the introduction of the digital computer 
onto the educational, scene. Prior to the relatively easy access to computers 
which has occurred, simulations were fairly trivial (a ik Monopoly), or they 
were difficult to execute. Because of this eesy access, rather complex simu- 
lations now are available routinely to the teacher at all levels from elementary 
school to graduate school and in many disciplines from biology, chemistiy, and 
physics to economics, sociology, and history. 

Biere exe two reasons for educators' interest in computer simulation. 
First, in the author's personal experience, the level of student excitement 
during a simulation experience is very hi^ whether the students are fourth 
graders or fifty-year-old adults. Secondly, the direct and intimate involve- 
ment of the student in the activity provides a learning experience achievable 
otherwise only in the laboratory. Unfortunately, for a variety of reasons 
students frequently are expluded from direct laboratoiy escperiences . Some of 
these reasons are: 

!• Bie necessary equipment is not available because of expense, or it is 
too complex or delicate to permit students to use it (e.g., in high- 
energy physics). 

2. -The saittple size available in the real world is too small to permit 
generalizations. (This is especially true in the training of medical 
students in the diagnosis of disease. Medical students in New York 
state, for example, run into very few cases of malaria and develop 
little experience with it.) 
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3* Ttke experimental technique is difficult and must be developed over 

an extended period (e«g«, in experiments in genetics and in titration). 

k. !Ihere are serious dangers to the student (e.g., vhere " radiation or 
high temperatures are involved, where there may be explosive mixtures 
of gases, or where highly toxic materials are required). 

3* The time scale is too short or too long to permit the student to make 
observations (e;g., the study of the dynamics of a population or the 
runaway of a nuc7"*ar reactor — ^here, of course, there are other reasons 
for not permitting students to do the experiment). 

6. Bie opportunity to experiment directly is not available (e.g., in 

studies of ecological, economic, political, or social systems, or in ' 
studies of human genetics, or spread of disease). 

?• When it is desirable to measure variables which are difficult to access 
(e.g*, the tension on a pendulum string or the differential effects of 
the gravitational forces of the earth and the moon on an orbiting \ 
' satellite). • ' . - 

1 

8. Vhen measurement and other noise obscures the important phenomena (in 
the ^siputer, we can create a world in which there is no noise and in \ 
lAich instruments are perfect and then show the student how noise and ^ 
imperfect instruments obscure the data of interest). 

9* ■ There are times vhen it is useful to underscore the significance of 
natural laws by comparing their results with other laws (e.g., study 
of non~inverse-square-law gravitational systems* or non-Mendelian 
genetics). 



* An excellent example of this is seen in the film, "Force,, Mass, and Motion 
by Dr. Prank Sinden of The Bell Telephone Laboratories, Murray Hill, Hew 
Jersey. 
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In such circumstances the student usually learns by listening to a lecture or 
by reading a textbook, both of which are relatively passive experiences. 

For the foregoing reasons, the Huntington Compxiter Project* has focussed 
its energy, since 1970, on the development of computer simulationa and on their 
application in the classroom. The philosophy of the Huntington Computer Project 
is sunmiarized in the Chinese proverb of Fig. 1. 

In addition to his work in the Huntington Computer iToject, the author has 
used simulations in his undergraduate and graduate courses. In what follows, 
varioiis applications of simoilation from the author's experience, are described. 

II* Examples of Simulations 
( Educational simulations may be designed for use by individuals , by small 

groxips (two to six people), or by large groiips (up to perhaps fifty). In the 
following paragraphs, we shall look at exanrples of simulations of each of 
these types. 

A.^ Examples of Individual Simulation 

In this section we shall look at two exairrples of simulations which were 
designed for use by individual students. 

Die first of these is a simulation of Millikan's Oil Drop Experiment 
called CHAEGE. CHARGE is an example of a simulation motivated by the difficulty 
^ of the experimental technique. In this simulation, students discover the discrete 
character of electric charge without having to develop the manual dexterity 
required in the real-world experiment. In addition, individual data values 
are obtained much more rapidly in the simulation than is possible in the real 
world. This is importsuit because of the necessity to obtcdn a large number of 



* A curriculimi development project supported in part by -Hie National Science 
Foxmdation under Grants GW 22U7> GE 5973, and GJ 79. 
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data values in order to achieve restzlts with reasonable statisticsl significance, 
(in most cases, we are interested in having the student discover the property 
of discreteness of charge, rather than in having him develop a technique for 
making the measurements,) 

A sample run of CHARGE is shown in Fig. 2. In this run we focus on particle 
1 and adjust the applied voltage until the particle reaches zero velocity (i.e., 
it is. suspended in space). At this point we ask the computer to calculate the 
charge on the suspended particle. In normal iise the student will repeat this 
process for twenty or more particles until he sees a pattern of charge distribu- 
tions emerging. 

Another example of a simxjlation designed for individual use is MALAR, a 
^imulation which permits the student to make a set of decisions about allocation 
of resources during an effort to control deaths due to malaria in a malarial 
region. A sample run of MALAR is shown in Fig. 3. 

This simulation represents an area where there normally are one thousand 
malaria deaths each year. ?y intelligent allocation ot his budget among field 
hospitals, mosquito control, preventive medication, and medication for malaria 
victims, the student can reduce the annual malaria deaths substantially below 
the normal one thousand. 

B. An Example of a Small-Group Simulation 

MARKET jfs an example of a small-groiip simulation. It represents a two- 
company, single-product market situation in which two companies, starting with 
equal total resources, compete foir the market in bicycles. In each quarter 
both coBipanies decide upon their advertising budget, bicycle production, and 
selling j)rice for the forthcoming quarter. On the basis of these decisions, 
the coniputer determines the quarter sales, profit, and market share for each 
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MILLIKftM niL DROP EXPERlMEigT 
I«ISTRUCT10.^S (l-YES* '^a!^0> 71 

INSTRUCTIONS — AFTKH EACH OUESTIOM MARK* <V» ?)* YOU -^AYt 

TYPE IV VOLTAGE BT.VJEF.^ AMD 1000 <IV ORDER TO .lAKE 

THE VELOCITY PRINTED OUT AS CLOSE TO 7.EK0 AS POSSIHLE), 

REQUEST CALCULATIOM OF CHARGE FOR .STOPPED DROP (TYPE IM REOUFST ME 

W WATCH OF DROPS (TYPE I.M .30(30), 
OR EMD THE PROGRAM <TYPE IN 4000). 

MO ELECTRIC FIELD 
OROPt 1 "8 3 A 

- VELOCITY 

(METERS /SEC) - 
< X lfl>t-6 ) . - 

-30.4 . • -3^.3 -29,« . -3rt 

v4 0 71(?0 

S.6 -8 -10.9 -30 

V« 100 797 

1*6 . -11.3 -3<? 

W« 97 793 

•I.3 -3»9 -l^.l -3» 

V« 93 794 I 

9*6 -3.7 -llvVO -30 

V- 94 798 

•0.1 • -4.S -18.3 -3« 

V« 92 792.1 

^. Q -4.8 . -18.3 -30 

V« 98.1 78300 ... 
CALCULATIOM FOR WHICH DROP 71* 

CHARGE n.M DROP 1 IS 11.14 X I0t-J9 COULOMBS. 



Fig. 2. Sao^le Bun of CHARGE 
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VaUR DDJCCTIVC IC TD hIMIttrZE ttflLnRin rOR THE MOiT 
J5 YCnRC> UITM n TDTRL TUMD DP 500 THDUCHMD DDLLRRC 

* <HDcriTnLc: 

MDU MRMV riELD HDCPITnLC DO YOU IMTEMD TD UZZ ?0 

' ^ ; <DRUOC rOR !:iCK> 

HDU nnriY pull TRCnTMEMTC or DRUOC 

rOR THE ILL. CHDULD DE DRDCRED PER YEHR 75000 

rOR "^MIS TREnTMEMT^ 

IMDIDITE YERRC TD EE UCED BY TVPIMO* nPTER THE VERR* 
l^YEC OR O'^MD 
?1 

?1 . 
?i 
?1 
?1 

cd::t or tmic trertmemt^ z soooo 

THIS LERVEC n rnLRMCE or 450000 mllrr!: 



(MDCOUITOEC: 



UHHT PERCEMTnCE DP MDCQUITDEC DD VDU URMT TD ELIhlMRTE 7100 
UMOT PESTICIDE UILL YDU Ut-E 
l^DDT e-rmLRTMlDM 3*^PRDPD>1UR 

?1 

PDR THIC TRERTttEMT^ * 
?l 

?1 
?1 
?1 

CUZJ Ur THIS '^RERThEMTt Z 075000 

THIC LERVES R mLRMCE DP 75000 DDLLRRn 



• <PREVErriVE DRUGS 



HDil MRM^' DDCES DP PREVEM'^IVE DRUGS. PDR "^MDCE 
HEnLTMY> DO YDU URMT TD DRDER PER YEHR 720000 

PDR THIS •^RER'^hENT : 
?1 ■ • 

?1 

?1 ■ 
?1 

CDCT DP THIS TRERThEMT^ t 72000 

THIS LER^TS 0 mLRMCE DP 3000 DDLLRRS 

US IMG YDUR PLRM^ 

YERR , MD. SICK MD. DERTMS DUE TD hnLRRin 

' 0 24954 977 

. i 66G 0 

C C50 

3 C57 5 

4 * 670 ■ 9 

5 eC5 8 

OVER YDUR 5 YERR TRERThEMT PRDGRRtt 
OC DERTMS DUE TD MRLRRIR HRVE DEEM RECDRDED 

DD YDU UISH RN EVRLURTIDM <J«YES. t^^hU^ 71 
TDTRL CDST 497000 DDLLRRS 

PRDGRRtt CDST YEORS CPPECTIVEMESS <PCT.> 



DRUG TRERT 50000 ' 5 05 

MDSQ SPRRY 375000 .5 • CO 

PREVEttT DRUG 7C000 5 12 



fig. Z. 8uple Run of MALAR 
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• con5>ai»y. After several quarters a number of possible disasters occur at random, 
ttey include a wage-price freeze, embezzlement of ifunds, a warehouse fire, 
and a transportation strike. 

A sample run of MARKET is shown in Fig. k. 

Biis simulation may be run effectively with two students or with two 
groups of two or three students each. Groups of more than one usually are 
more effective . than one-person companies because of the opportunity for dis- 
cussion before reaching a decision. 

C. An Ex ample of a Large-Group Simulation 

POLICY is an example of a large-group simulation, which simulates the 
effect of special-interest-group pressures on the federal legislature. 

In POLICY there are six special-interest groixps: business, labor, civil 
rights, minitarists, nationalists, and internationalists. Each special-interest 
group is assigned one hundred influence units each year which it can use to 
attempt to influence the legislature. The legislature has fourteen policies 
under consideration ranging from provision of medical care to low-income 
families to support for supersonic transports. 

No special-interest groTxp has enough influence units to cause a policy to 
be enacted without help from other groixps. This forces groTQ>s to trade off 
vptes on a policy in which they may have only mild interest or even mild opposi- 
tion in prde^ to get votes for their policies from others . It also is possible 
' for a group to cast some of its votes against a policy in an effort to prevent 
its adoption. 

POLICY requires six groups with each group consisting of from one to six 
(or even eight) people. Bie simulation is executed most effectively when there 
are several people in each group since this provides for the possibility of 
multiple negotiating teams. 
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fL'^^r"^''"^^-*^ ^""^ CO.v,pr.TlTIO.V nKTWKRM fwo rO'^PAMTor 

WAREHnrjSF rHAnnF FOR IVVFNJTOWy; 5 pl^ St ' 
INTERKST CHARGE OM BORRnWEp MOMEY= 5 " PER CKMT 



OMITS A-VO DOLLARS »?ELOW ARE l\) THOUSAMDS 
QUARTER 0 

PROFIT .MARKET SHAHE CAS4 O. HAVD MU.HER SOLO IMVEMT. ASSETS 
«l «l l^ll ! 70'1'1 



CO>!PA>jy 1 

PRODUCT I OV LEVEL ?11 
ADVERT IS t MO nfJOOET ?S'T1 
OMIT PRICE ?55 



CO.^PA.Vy 8 

PRODUCT log LEVEL ?!(! 
ADVERTIStMGf. «?UDOFT 7ti) 
OVIT PRICE 'SJJ 



OOARTER 1 



"^^^fl,^-*"^ HAND ..«OK« san ,.VP„. «SSKTS 

•«5 35.71 S7.5 ^1 « 



.. ; . «) Instructions and Queirter 1 

Q Sample Run of MARKET 

ERLC 11 . BESI COPY AVAIUmi 
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COMPA>ir \ 

pRoni)CTia>i t.KVEL. 7 in 



COMPA>IV « 
PROnUCTlOV I.F.VEI- 
AOVFRTISINR mJOGET * 
miT PRICF. 753 ^ 



OUAHTER 5 

PROFIT MAR'<ET SHARE CASH OM HAMD MUMPER SOLO IMVEvjT. ASSET? 
7«3 53.57 9356 AS 41 l«lJ>t7 

6(13 Afi.AJ? «55<» 3<> 64 9^94 

THE PRESIDENT HAS JUST IMPOSED A WAGE- PR ICE FRER/.K OM THE 

* ECO-^OMY. A-^D YOU MAY MOT RAISE THE PRICE OF YOUR PIlOmiCT 
OyF!^ THE MFXT 8 QUARTERS. 



COMPANY 1 

PRODUCT I O-a LFVEL ttiCi 
ADVERTlSINt' '^UnRET '^f^l 
' UVIT PRICE 755 



COMPA'^Y P. 

PHOIMICTIOM LEVEL 76« 
ADVERTISINR nUDGKT 750»'1 
UMIT PRICK 753 



QUARTER R 

» PROFIT lAlMEf SHARE CASH OM HAMD MU»?nKR SOLD IMVEMT. ASSETS 

' Sin 45.67 lllHrt 37 - 36 I IA3o 

«fl6 54.3J> l<>tR(^H 44 4'> , IIA37 

COMPANY a HAS SUFFERED FIRE DAMAGE IM ITS WAREHOflSF 

ALL UNITS WERE OFSTROYED. YOUR IMSURA.MC«% »rfILL RRIMnURSE YOU 

IN THE AMOUMT OF 771 DOLLARS FOR THESE UMITS 

MEW LAROR CONTRACT - VARIAOLE PRODUCTIOM COST NOW= <>'-< DOLLARS/UMIT 



b) Quarters 5 and 8 
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This simulation has been utilized with groups of high school students and 
with groups of adults in a variety of settings. It has proven* to be veiy ex- 
citing to groups of all ages and has been an excellent introduction to the 
concept of simulation because each participant becomes immersed in it/ 

III. Modes of Utilization 

Teachers may 'utilize simxaations in a variety of ways to provide useful 
learning environments for their students. Several of these ways are outlined 
below: 

A. Laboratory Experiments 

, Many science teachers intermix computer simulations with conventional 
experiments in the laboratory programs for their students. In this way the 
students* learning experiences are much richer than they might be otherwise. 

Because students usually work in groups of two to four, any simulation 
which is designed for individuals or small groups is suitable Tor this mode of \ 
utilization. ^ 

B. Enrichment Pro.jects 

Teachers frequently either permit or assign students to r-any out inde- j 
pendent research projects to broaden their experience beyond the curriculum 
boundaries. If such students have access to appropriate conrputer simulations, ' 
the range and complexity of projects from which th^ may choose is siibstantially 
'larger than it is otherwise. 
' C. Classroom Use 

One excellent way of enhancing the classroom presentation of a wide variety 
of concepts and simultaneously to increase student interest and motivation is 
to bring computer simuletioas into the classroom. In this way the students can 
debate the choice of parameter values and the plan of action as a group before 
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decisions are made. Such applications are equally useful in social science 
courses and in science courses. 

To be most effective, classroom use requires a display of the coicputer 
output which can be viewed by the entire class. Hiis be accomplished in 
a variety of ways. Among these axe: 

1. Video converters* which convert the ASCII code from the coii5)uter to 
a video signal which may be displayed on conventional television 
receivers or video monitors. Such receivers frequently are availc^ble 
in classrooms. 

2. CRT terminals which frequently have video outputs. These video 
outputs may be tised to drive video monitors. 

3* If an opaque projector is available in the classroom, the paper may 
be removed from the terminal when the result is printed and displayed 
in the opaque projector for classroom viewing. . . 

In a teletypewriter or other printing terminal, W(ylar film may be / ^ 
used in place of paper. Ihis film accepts ink readily and is trans- 
parent. When a result is obtained, the film may be taken off and 
placed on an overhead projector for relatively rapid viewing by the 
students . 



• Two companies which offer such devices axe Ann Arbor Terminals, Inc. and 
Digilog Corp. 
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IV I "^'Conclusion 

In the preceding paragraphs , some of the author's experiences with computer 
simtalations have been related* These experiences have occurred in a vide variety 
of disciplines with students from high-school to graduate-school level* It is 
dear from these escperiences that computer simulation has a great deal to offer 
to the teacher. This potential will be realized more and more as computers 
become easier for teachers to acquire and oo tise. 



